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APPARATUS FOR ROTARY SPRAYING A 
METALLIC COATING 

This is a continuation of application Ser. No. 08/670,767 
?led on Jun. 24, 1996, noW abandoned. 

The present invention relates to a rotating spray system 
Which provides an apparatus and a method to coat the inside 
surfaces of a part With an arc spray When it is dif?cult or not 
possible to rotate the part. In particular, the present invention 
describes an arc spray gun containing an air knife, or lines 
of de?ecting air jets, Wherein the only part of the gun head 
that rotates is the atomiZing air jet Which is focused upon the 
metal droplets of an arc ball, or molten particles, in a manner 
Which assures good atomiZation and projection of a Well 
de?ned and uniform spray stream. In addition, the present 
invention describes the use of a compensator means (a loWer 
rear airjet) Which is placed on the air knife Which forms the 
arc ball so as to maintain and prevent the arc ball from 
contacting the knife. 

BACKGROUND OF THE INVENTION 

Numerous types of thermal spray coating methods and 
systems are knoWn in the prior art. In general, such methods 
comprise the deposition of a Wire or poWdered material onto 
a surface to be coated. In one particular process, knoWn as 
electric-arc (tWo Wire) spray coating, tWo consumable Wires 
form electrodes of an electric arc or “arc ball”. The tWo 
Wires are electrically energiZed and converge at a point in 
Which the electric arc is formed. A stream of compressed 
atomiZing gas is passed through the converging point to 
atomiZe the molten material and drive a molten metal 
particle stream formed by the electric arc along an aXis 
forWard of the converging Zone. 

Various prior patents discuss electric-arc spray systems, 
noteWorthy of Which include US. Pat. Nos. 1,968,992 
(apparatus for coating surfaces), 2,610,092 (spray discharge 
noZZle), 4,464,414 (method for spraying metallic coatings), 
4,992,337 (electric arc spraying of reactive metals); 5,066, 
513 (method of producing titanium nitride coatings by 
electric arc thermal spray); 4,937,417 (metal spraying 
apparatus); 4,98,557 (method of arc spraying); 4,986,477 
(spray gun With adjustment of the shape of the jet); 4,992, 
337 (electric arc spraying of reactive metals); 5,017,757 
(pulsed arc Welding machine); 5,109,150 (open-arc plasma 
Wire spray method and apparatus); 5,143,139 (spray depo 
sition method and apparatus); 5,145,710 (method and appa 
ratus for applying a metallic coating to threaded end sections 
or plastic pipes and resulting pipe); 5,148,990 (adjustable 
arc spray and rotary stream sprinkler); 5,191,186 (narroW 
beam arc spray device), 5,194,304 (method of thermally 
spraying solid lubricant onto a metal target), 5,442,153 (high 
velocity electric-arc spray apparatus and method of forming 
materials); 5,466,906 (process for coating automotive 
engine blocks) and 5,468,295 (apparatus and method for 
thermal spray coating of interior surfaces). 
More speci?cally, of the above listed patents, US. Pat. 

No. 5,468,295 to MarantZ describes a thermal spray coating 
apparatus, such as a tWo Wire arc apparatus. The noZZle 
contains a plurality of pores facing generally inWardly 
toWards a coating material particle stream, such as an 
atomiZed molten metal stream of a tWo-Wire arc thermal 
spray apparatus. The ports sequentially receive a de?ecting 
gas ?oW, such that the direction moves circumferentially 
about the aXis of the particle stream. The de?ecting gas 
entrains the coating materials and carries it radially to the 
surface of the part to be coated or the noZZle assembly. When 
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2 
such noZZle is inserted into an engine bore, it is described as 
radially coating the bore, on its surface. 

HoWever, a number of problems eXist With the prior art 
device of MarantZ that have been overcome by the present 
invention First, as a pneumatic device it is less responsive 
than the electro-mechanical device herein described, and 
more cumbersome and bulky With-multiple air passages. In 
addition, by sequencing or strobing the air stream, the 
MarantZ device Will tend to overlap the coating layers, 
Whereas the apparatus herein describe provides a true con 
tinuous stream coating Which can vary over a Wide range of 
rotation rates. Moreover, valving, i.e. sWitching from one 
tube to an adjacent tube, is non-linear. Accordingly, it is very 
dif?cult by such process to provide a smooth transition from 
full ?oW on one set tube to the neXt. In addition, the lift of 
the arc ball in the MarantZ device must be substantial. This 
translates into some instability in the radial ?oW Which is 
further complicated by the comparative siZe of the ori?ces 
Which Would have a tendency to cause chatter (i.e., inter 
mittent extinguishing of the arc and reignition thereof), and 
a focused spray (or narroWed pattern) is impossible. 

In addition, one pervasive problem With all thermal-arc 
spraying devices of the prior art, rotatable or otherWise, is 
that air ?oW from the air knife has been found to create a 
negative pressure betWeen the Wicket (the area immediately 
behind the consumable electrodes), and the knife base, as the 
air ?oWs aWay from the knife. This negative pressure is 
believed to be responsible for draWing material from the arc 
ball and depositing such material onto the knife. 

Accordingly, it is a ?rst object of this invention to 
overcome the aforesaid problems of prior art thermal spray 
devices and provide a rotating arc spray gun Wherein the 
only part of the gun head that rotates is the atomiZing air jet. 
More speci?cally, it is an object of the present invention 

to overcome the aforesaid problems of the prior art thermal 
spray devices and provide a rotating arc spray gun Wherein 
a continuous stream coating can be applied over a Wide 
range of rotation rates, and Which avoids a sequencing, 
strobing or pulsed air stream. 

In addition, the present invention has as a more speci?c 
object the preparation of a rotating arc spray gun Wherein a 
de?ecting valve assembly (or air knife) rotates about an arc 
ball formed by tWo consumable electrodes and Wherein the 
de?ecting valve assembly contains a plurality of ports 
providing a semi-circular pattern thereby providing a 
hooped shaped air ?oW around the arc and a focused radial 
delivery of an atomiZed metal coating. 

Finally, the present invention has as its object the instal 
lation of What can be described as a negative pressure 
compensator means, in an arc gun containing a de?ecting 
valve assembly (rotatable or stationary). The negative pres 
sure compensator eliminates any negative pressure formed 
by the effect of the air ?oW from the de?ecting valve 
assembly as the air ?oWs aWay from said assembly, thereby 
maintaining the arc ball in the proper alignment position for 
ef?cient coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of the electric-arc coating 
apparatus incorporating the present invention, Without detail 
of the de?ecting gas valve assembly. 

FIG. 2, is a further schematic vieW of the electric-arc 
coating apparatus of the present invention, illustrating a 
radial spray pattern generated, Without detail of the de?ect 
ing gas valve assembly. 

FIG. 3 is a more detailed schematic vieW of the present 
invention illustrating the Wire path, and the preferred semi 
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circular pattern on the de?ecting valve assembly, in a 
non-rotating version. 

FIG. 4 is yet another detailed schematic vieW of the 
present invention, illustrating gas ?oW, but in a non-rotating 
version. 

FIG. 5 is another detailed schematic vieW of the present 
invention, in a non-rotating version, illustrating the preferred 
additional gas noZZle port or negative pressure compensator 
disposed on the de?ecting valve assembly Which directs air 
?oW to speci?cally support the arc and maintain it in line 
With the atomiZing gas supply pathWay. 

FIGS. 6 and 7 are yet another detailed schematic vieW of 
the present invention in rotating version thereof. 

FIG. 8A is a detailed schematic face vieW of the de?ecting 
valve gas assembly, illustrating the preferred plurality of 
ports disposed on said gas assembly in a substantially 
semi-circular pattern. FIG. 8B is an ever further detailed 
vieW of the port con?guration, and FIG. 8C is a cross-section 
illustration of FIG. 8B indicating the preferred air ?oW 
through the valve assembly in operation. 

SUMMARY OF THE INVENTION 

An apparatus for coating a part With a metallic coating 
comprising at least tWo consumable electrically conductive 
metallic Wire electrodes converging to converging point at 
their ends, an electric current into said Wires creating an arc 
and melting said Wire ends forming an arc ball, an atomiZing 
gas supply supplying gas to said converging point of said 
Wires to convert said arc ball into a molten particle stream, 
and a de?ecting gas valve assembly disposed outWardly of 
said consumable Wires, said de?ecting gas valve assembly 
de?ecting gas from a direction Which is rotatable relative to 
said tWo Wires, said de?ecting gas valve assembly contain 
ing a plurality of ports relative to and behind said molten 
particle stream supplying a steady ?oW of de?ecting gas 
thereby de?ecting said molten metal particle stream radially 
outWard toWards a surface to be coated. 

In a further embodiment, an apparatus for coating a part 
With a metallic coating is disclosed comprising at least tWo 
consumable electrically conductive metallic Wire electrodes 
converging to a converging point at their ends, an electric 
current into said Wires creating an arc and melting said Wire 
ends forming an arc ball, an atomiZing gas supply supplying 
gas to said converging point of said Wires to convert said arc 
ball into a particle stream, a de?ecting gas valve assembly 
disposed outWardly of said consumable Wires, said de?ect 
ing gas valve assembly de?ecting gas from a direction Which 
is rotatable relative to said tWo Wires, said de?ecting gas 
valve assembly containing a plurality of ports arranged in a 
substantially semi-circular line pattern relative to and behind 
said molten particle stream therein de?ecting said molten 
metal particle stream radially outWard toWards a surface to 
be coated. 

In a still further embodiment of the present invention, an 
improvement is disclosed for a thermal spray coating appa 
ratus containing at least tWo consumable Wire electrodes 
converging at a converging Zone to produce a molten metal 
particle arc ball, including a stream of compressed gas 
passing through a de?ecting gas valve and through said 
converging Zone to atomiZe said molten metal particle arc 
ball and drive a particle stream forWard of said converging 
Zone, Wherein the ?oW of gas from the de?ecting gas valve 
produces a negative pressure betWeen the arc ball and the 
de?ecting gas valve causing the arc ball to deposit on said 
de?ecting gas valve, the improvement comprising the incor 
poration of a second ?oW of gas in the de?ecting gas valve 
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not directed at the arc ball and positioned to compensate for 
said negative pressure betWeen the arc ball and said de?ect 
ing gas valve thereby substantially maintaining the arc ball 
in alignment position in the converging Zone for atomiZa 
tion. 

In method embodiment, the present invention comprises 
a method of thermally spraying a metal matriX coating 
comprising ?rst creating an electrical arc ball into Which a 
consumable strand is fed to produce a melt, the strand being 
comprised of a consumable electrode, applying a steady 
?oW of de?ecting gas from a de?ecting gas valve directed at 
said electrical arc ball and rotating the de?ecting gas around 
said arc ball to project said melt radially outWard toWards a 
surface to be coated. 

In the method of coating a part according to the present 
invention, the coating apparatus described above is disposed 
Within a part to be coated. The coating apparatus is moved 
aXially along the surface of the part and While the coating 
apparatus is moved axially, compressed air is steadily deliv 
ered to the plurality of ports positioned relative to and 
behind the particle stream, and the stream is de?ected 
radially outWard toWards said part surface to provide a 
complete and even coating. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As noted above, the present invention provides both an 
apparatus and a method for thermal spray coating a part 
When it is not possible to rotate the part. The apparatus 
includes a single radial atomiZing noZZle Which rotates about 
an arc ball. The de?ecting noZZle is fed from a single 
circumferenced plenum (i.e., the de?ecting gas valve 
assembly) Without interruption of ?oW. The de?ector pref 
erably employs an array and plurality of staggered ports, in 
a substantially semi-circular pattern, that direct a hooped 
shaped air ?oW around the arc. The ports are preferably 
relatively small in nature affording a diff-used ?oW of 
controlled turbulence to capture and effectively atomiZe the 
molten consumable in a radially focused manner. The 
shaped turbulence so provided avoids direct contact With the 
arc Which Would tend to destabiliZe the arc, and instead 
vacuums material aWay using a peripheral contact. 

Preferably, the de?ecting gas valve assembly contains an 
additional gas noZZle port disposed on said assembly Which 
directs gas ?oW aXially to the arc and maintains it in line 
With the atomiZing gas supply pathWay. Such additional gas 
noZZle port also prevents bloW doWn of the arc as Well as 
directing air ?oW to lift the arc and maintain it in a column 
of gas Which symmetrically equaliZes the arc ball for radial 
focused dispersal. 

It is important to note that the above additional gas valve 
noZZle port, While described as a preferred aspect of the 
present invention, is not limited in its application or place 
ment on the rotating and de?ecting gas valve assembly as 
herein described. That is, as noted earlier, in all thermal-arc 
spraying devices containing tWo consumable Wire electrodes 
converging at a converging Zone to produce a molten metal 
particle arc ball, the air ?oW from the de?ecting gas assem 
bly (or “air knife”) tends to create a negative pressure at that 
area immediately behind the consumable electrodes (the 
“Wicket”). This negative pressure then draWs material from 
the arc ball and deposits it onto the knife. Accordingly, the 
present invention provides an improvement to such problem, 
by incorporation of a second ?oW of gas in the de?ecting gas 
assembly not directed at the arc but positioned to compen 
sate for said negative pressure and thereby substantially 
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maintaining the arc ball in position in the converging Zone 
for atomization. 

Preferably, this second ?oW of gas emerges from an 
opening that can be described as having an orphic con?gu 
ration and Which originates at the base of the air knife. This 
provides a spray of a limited amount of gas up and out 
betWeen the Wicket and the air knife. This ?oW is not 
directed at the arc ball, and instead serves to eliminate 
negative pressure and maintains the arc ball in the correct 
direction aWay from the knife. 

With reference to FIG. 1, illustrated at 10 is a basic 
schematic vieW of the present invention. Illustrated therein 
at 12 is the Wire drive Which serves to advance the consum 
able electrodes for subsequent atomiZation, and at 13 is the 
drive motor for aXial positioning of the device. At 14 is the 
means for rotating the de?ecting gas assembly 16 and said 
means for rotating is illustrated as attaching to a pulley 
Which rotates the de?ecting gas assembly around the con 
sumable electrodes. Rotation of betWeen 100—400 rpm can 
be conveniently and preferably achieved by such construc 
tion. 

Speci?cally, and again With reference to FIG. 1, shoWn at 
18 is the general location for the preferred plurality of ports 
positioned relative to and behind the resulting and radially 
projected molten particle stream (not shoWn). This is all 
better illustrated in FIG. 2, Wherein the de?ecting gas 
assembly Which provides a steady ?oW of de?ecting gas 
de?ects the molten particle stream 20 radially outWardly 
toWards a surface to be coated. Also shoWn in FIG. 2 is slide 
table 22 Which alloWs for aXial movement of the de?ecting 
gas assembly so that a complete and even coating can be 
applied to, e.g., a cylinder bore of an automobile engine. Of 
course, it can be appreciated that as described, the present 
invention is not limited to cylinder bores, and has speci?c 
utility for any type of substrate surface Wherein it is dif?cult 
or impossible to rotate and provide access by a conventional 
thermal spray coating apparatus. 

With reference to FIG. 3, greater detail is provided 
regarding the invention disclosed herein. Speci?cally, the 
consumable electrodes are positioned at and along position 
24 so that in use, said consumable electrodes serve to 
provide the material for formation of the arc ball. Preferred 
material for the consumable electrode include steel, stainless 
steel, bronZe, nickel, chrome, and mixtures thereof 

In regards to the additional detail provided for in FIG. 3, 
Which illustrates in a cross-sectional vieW the Wire 
pathWays, shoWs at 26 the preferred plurality of ports 
positioned behind the molten metal particle stream (not 
shoWn) and Which ports are preferably arranged in a sub 
stantially semi-circular pattern. This in effect provides What 
can be termed a hoop pattern to the arc ball. Preferably, the 
plurality of semi-circular patterns are arranged at 0.18, 0.25 
and 0.31 in radial inches from the tip of the Wire electrodes, 
Which provides a plurality of hoop patterns, the inner hoop 
tending to atomiZe the consumable electrodes, and the outer 
hoops tending to consolidate the spray pattern for radial 
coating. Finally, it is to be noted that preferably it has been 
found that the gas ?oW out of these semi-circular ports are 
arranged in the range of about 50—75 cfm. 

FIG. 4 illustrates a cross-sectional vieW of the air path 
Ways and shoWs at 27 a needle valve assembly for adjusting 
aXial air ?oW in relation to the radial air ?oW provided by the 
de?ecting gas valve assembly. FIG. 5 illustrates an end vieW 
of the spray head, and at 28 can be seen the negative pressure 
compensator. It is to be noted that, as shoWn, the negative 
pressure compensator may be part of the tip positioner, or 
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6 
the compensator itself can be located at position 29 as 
illustrated on FIG. 4. 

FIG. 6 illustrates at 40 the previously noted and preferred 
semi-circular pattern providing a hoop pattern to the con 
sumable electrodes, noW more clearly shoWn at 42. Also 
shoWn at 44 and 46 is the placement of the preferred orphic 
con?guration ports Which provides a second ?oW of gas not 
directed at the tip of the electrodes 42, but rather at that area 
betWeen the Wicket (the area immediately behind the con 
sumable electrodes, shoWn at 48 and the de?ecting gas valve 
base. By so placing the ports 44 and 46, the arc ball Which 
Will appear generally in the region of 42 Will not deposit on 
the semi-circular pattern 40 of the valve. Finally, shoWn at 
47 is the gas ?oW chamber Which provides an aXial gas ?oW 
to drive forWard the particle stream formed by the consum 
able electrodes for radial de?ection. 
With regards to air ?oW 47, preferably, the gas ?oW is set 

at about 10 cfm With 5—20 psi pressure. HoWever, this gas 
?oW may be modi?ed to accommodate the consumable 
electrode Wire composition and modify the desired spray 
pattern. Spray patterns can be altered by modifying the 
voltage, and the aXial pressure. Whereas voltage adjustments 
cause subtle changes in the spray pattern but major changes 
in the coating, modifying the aXial pressure causes major 
changes in the spray pattern but minor changes in the 
coating. LoW aXial pressure constricts the spray pattern into 
a small diameter, 1.0 inches plus at 3.5 inches With a spray 
angle of 90 degrees. High aXial pressure both Widens the 
diameter of the pattern from 1.0 inches plus, to 2.5 inches 
plus at 3.5 inches, and increases the spray angle from 90 
degrees to 100 or 120 degrees. In addition, start-up of the 
spray While the air knife is rotating can be greatly facilitated 
by increasing the aXial ?oW to about 60 psi, reducing it to the 
spray parameter for the cycle. 

FIG. 7 illustrates the placement of the bearing 50 so that 
the de?ecting valve assembly, noW shoWn at 56, can be 
readily rotated. ShoWn at 54 is the chamber for air ?oW to 
the de?ecting gas valve assembly, enclosed by tube Wall 52. 
ShoWn at 58 is one of the individual gas ports Within the 
plurality of semi-circular patterns and at 60 a side vieW of 
one of the preferred orphic con?guration ports. FIG. 8A 
illustrates in greater detail the preferred de?ecting gas valve 
assembly or air knife, With the preferred plurality of indi 
vidual gas ports 62 con?gured in a plurality of semi-circular 
patterns. A bloW-up of this pattern is illustrated in FIG. 8B. 
As illustrated, the ports are preferably staggered from one 
another and positioned 15° apart in their preferred con?gu 
ration. This pattern is positioned so as to surround the arc 
ball and focus the deposition of the consumables Without 
disrupting the aXial air ?oW, thus Working together With said 
aXial air ?oW to properly direct and atomiZe the molten 
consumables. Finally, FIG. 8C Which is a cross-section of 
FIG. 8B, illustrates at 64 the preferred air ?oW through the 
atomiZer in, and at 66 the air ?oW for feeding the negative 
pressure compensator. 

In a preferred application of both the method and appa 
ratus herein disclosed, the internal surfaces of a plurality of 
spaced apart bores may be coated. For eXample, an engine 
block may include tWo, four, siX or eight parallel bores. 
Where the engine block is aluminum, the bores are prefer 
ably coated With a hard metal coating to reduce Wear. As 
alluded to above, it is inconvenient to rotate the engine block 
about each bore, Which Would be necessary With a conven 
tional thermal spray device of the prior art. The thermal 
spray apparatus of the present invention is conveniently 
operated to direct the spray radially into the bore and along 
With aXial movement, the spray pattern is directed through 
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out the length of the bore. Accordingly, by adjustment of the 
amperage ?owing through the consumable electrodes, 
together With the de?ecting valve gas assembly disclosed 
herein, uniform coating thickness can noW be achieved in 
coated cylinder bores made in accordance With the rotating 
arc spray system as disclosed herein. 

While the above invention has been described in terms of 
various preferred embodiments, it Will be appreciated that 
other forms could readily be adapted by one skilled in the 
art. It is therefore appreciated that Within the scope of the 
appended claims, the invention may be practiced otherWise 
than described. 
We claim: 
1. A method of thermally spraying a metal matrix coating 

comprising supplying an arc ball into Which a consumable 
strand is fed to produce a melt, the strand being comprised 
of a consumable electrode, applying a steady uninterrupted 
encapsulating ?oW of de?ecting gas through a multiport gas 
noZZle directed at said arc ball at substantially equivalent 
?oW through all of said ports in said multiport noZZle to 
provide a substantially uni?ed ?oW pattern, and rotating said 
multiport gas noZZle around said arc ball to project said melt 
radially and continuously outWard toWards a surface to be 
coated, including the introduction of a second ?oW of gas 
not directed at the arc ball to substantially maintain the arc 
ball in position for said outWard radial projection. 

2. The method of claim 1, Wherein the steady ?oW of 
de?ecting gas is supplied in a substantially semicircular 
pattern. 

3. The method of claim 1, Wherein the multiport noZZle 
supplies a ?oW of de?ecting gas arranged in a semi-circular 
line pattern. 

4. The method of claim 1, Wherein the multiport noZZle 
comprises ports arranged in a plurality of semi-circular line 
patterns. 

5. The method of claim 1, Wherein the multiport noZZle 
comprises 3 semi-circular line patterns Which are positioned 
at about 0.18, 0.25 and 0.31 inches in radial distance from 
said converging point of said Wire electrodes. 

6. The method of claim 1, Wherein said steady ?oW of 
de?ecting gas is about 50—75 cubic feet per minute. 

7. An apparatus for coating a part With a metallic coating 
comprising: 

at least tWo consumable electrically conductive metallic 
Wire electrodes converging to a converging point at 
their ends; 

an electric current into said Wires creating an arc and 
melting said Wire ends forming an arc ball; 

an atomiZing gas supply directing gas at said converging 
point of said Wires and ?oWing substantially around 
said arc ball to convert said arc ball into a molten 

particle stream; and 
a rotating multiport gas noZZle disposed outWardly of said 

consumable Wires, said multiport gas noZZle de?ecting 
gas from a direction Which is rotatable relative to said 
tWo Wires, said multiport gas noZZle containing a 
plurality of ports relative to and beside said molten 
particle stream and supplying a substantially steady 
uninterrupted encapsulating ?oW of de?ecting gas 
simultaneously through all of said plurality of ports at 
substantially equivalent ?oWs thereof to provide a 
substantially uni?ed ?oW of de?ecting gas in substan 
tially the same direction, thereby de?ecting said molten 
metal particle stream radially outWard toWards a sur 
face to be coated, including a gas port noZZle disposed 
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on said multiport gas noZZle Which directs air ?oW to 
support the arc and substantially maintain said arc in 
line With the atomiZing gas supply. 

8. The apparatus of claim 7 Wherein the plurality of ports 
relative to and beside said molten particle stream supplying 
a steady ?oW of de?ecting gas are arranged in a semi 
circular line pattern. 

9. The apparatus of claim 7, Wherein the plurality of ports 
are arranged in a plurality of semi-circular line patterns. 

10. The apparatus of claim 7, Wherein there are 3 semi 
circular line patterns Which are positioned at about 0.18, 
0.25 and 0.31 inches in radial distance from said converging 
point of said Wire electrodes. 

11. The apparatus of claim 7, Wherein said steady ?oW of 
de?ecting gas is about 50—75 cubic feet per minute. 

12. An apparatus for coating a part With a metallic coating 
comprising at least tWo consumable electrically conductive 
metallic Wire electrodes converging to a converging point at 
their ends; 

an electric current into said Wires creating an arc and 
melting said Wire ends forming an arc ball; 

an atomiZing gas supply directing gas at said converging 
point of said Wires and substantially ?oWing around 
said arc ball to convert said arc ball into a particle 

stream; 
a rotating multiport gas noZZle disposed outWardly of said 

consumable Wires, said multiport noZZle de?ecting gas 
from a direction Which is rotatable relative to said tWo 
Wires, said rotating multiport noZZle containing a plu 
rality of nonconverging ports arranged in a substan 
tially semi-circular line pattern relative to and beside 
said molten particle stream and supplying a substan 
tially steady uninterrupted encapsulating ?oW of 
de?ecting gas simultaneously through all of said non 
converging ports at substantially equivalent ?oWs 
thereof thereby continuously de?ecting said molten 
metal particle stream radially outWard toWards a sur 
face to be coated, Wherein the multiport noZZle further 
contains a port for compressed gas Which prevents the 
molten particle stream from contacting said multiport 
noZZle. 

13. The apparatus of claim 12, Wherein said plurality of 
nonconverging ports form a plurality of substantially semi 
circular patterns Which are staggered relative to one another. 

14. The apparatus of claim 12, Wherein there are three 
semi-circular patterns Which are positioned at about 0.18, 
0.25 and 0.31 inches in radial distance from said converging 
point of said Wire electrodes. 

15. In a thermal spray coating apparatus containing at 
least tWo consumable Wire electrodes converging at a con 
verging Zone to produce a molten metal particle arc ball, 
including a stream of compressed gas passing through a gas 
port directed at said arc ball and passing around and forWard 
of said converging Zone to atomiZe said molten metal 
particle arc ball and drive a particle stream, Wherein the ?oW 
of gas from said gas port produces a negative pressure 
betWeen the arc ball and said gas port causing the arc ball to 
deposit on said gas port, the improvement Which comprises 
the incorporation of a second ?oW of gas not directed at the 
arc ball and positioned behind said consumable electrodes to 
compensate for said negative pressure betWeen the arc ball 
and said gas port thereby substantially maintaining the arc 
ball in position in the converging Zone for atomiZation. 

* * * * * 


